A survey of water samples to determine the efficacy of standard procedures for the isolation of environmental legionellae was conducted. Marked variations in intraspecies resistance to selective agents and treatments were observed, and in experiments with one of the isolates, the response was modified by culture conditions. Five selective procedures incorporating acid (pH 2.2) and heat (50°C, 30 min) treatments, with and without plating on buffered charcoal-yeast extract agar supplemented with vancomycin (5 ,ug/ml), polymyxin B (60 U/ml), and cycloheximide (80 ,ug/ml), caused 5 to 99% decreases in viable counts of pure cultures in water suspensions. The differences in the responses of the cultures to the five treatments were statistically significant. Cells in retained samples of naturally contaminated water from which the original cultures had been isolated were significantly less sensitive than artifically grown isolates. The sensitivities of the laboratory-grown cells to the treatments were affected by the length of incubation on buffered charcoal-yeast extract agar. Whereas acid resistance increased after 24 h of incubation, resistance to the antibiotic mixture decreased.
Recovery of Legionella spp. from water samples is often hampered by overgrowth of colonies of rapidly growing non-legionella background. Indeed, success in isolation has been negatively correlated with the number of background organisms (8) . A variety of selective media based on buffered charcoal-yeast extract agar (BCYE) supplemented with antibiotics and other selective agents have been designed to reduce the relative numbers of background organisms (2) (3) (4) 6) . Pretreatment of water samples with acid (pH 2.2) ( (4) before plating has been shown to improve isolation success. Despite advances in the technology of environmental Legionella detection, the observation has been made that inhibitory agents are not sufficiently selective, nor is there a single suitable all-purpose isolation procedure (3) .
In our survey of water samples, the effectiveness of pretreatments and a selective medium used in the isolation of legionellae varied. We subjected pure cultures isolated from water to the same selective procedures to determine the effects of strain differences on variation in isolation success. In the process of the investigation, we observed significant differences in sensitivities to the selective procedures. with or without antibiotics. Untreated controls were diluted with 2 ml of sterile distilled water before plating.
MATERIALS AND METHODS

Media
Heat treatment. A 5-ml portion of water sample or cell suspension prepared as described above was placed in a 50°C water bath and incubated for 30 min after sample temperature had reached 50°C (4) . At the end of the incubation period, samples were rapidly cooled in ice, diluted 1:2 with sterile distilled water, and plated on BCYE agar with or without antibiotics. Unheated controls were diluted and plated as above.
Statistical analysis. One-way analysis of variance (ANOVA) and Student's t test were calulated after log transformation of plate count figures or inverse sine transformation of data that were expressed in percentages. Treatment means were also compared, using Duncan's multiple range test (5) . RESULTS Our analysis of water samples showed that, in most cases, our selective procedures increased the ratio of Legionella spp. to background (Table 3) . However, the total number of Legionella colonies recovered was variable and was not consistently affected by any one of the five selective procedures. Concentration of cells from water samples (samples 6 and 13 to 18) increased the numbers recovered without notable improvement in the ratio of Legionella spp. to background.
To evaluate the contribution of culture strain differences to the variation in Legionella recovery, we checked relative recoveries of eight pure culture isolates from water suspensions (Table 4) . Mean decreases in plate count relative to BCYE agar for each of the five treatments were compared for each culture individually (row-wise ANOVA statistics not shown). All eight cultures were significantly inhibited by acid pretreatments; six of seven were significantly inhibited by heat pretreatment; and six of eight were significantly inhibited by antibiotic-supplemented BCYE (P < 0.05). Plating the acid-treated organisms on the antibiotic medium increased the inhibition significantly for five of eight cultures. Five of seven heat-treated cultures were similarly affected by plating on the antibiotic medium (P < 0.05). ANOVA for decreases in plate counts relative to BCYE (column-wise ANOVA) indicated that the responses of the eight isolates were significantly different for each treatment (P < 0.005). The isolation history of the cultures did not generally influence the degree of resistance of the subsequently tested isolates. Only one of the cultures (isolate 2) showed resistance (no significant decrease in plate count after heating) to the same treatment it was exposed to when first isolated. The fact that culture conditions influence the resistance of microorganisms to inhibitors is well known. Our cultures responded similarly. These isolates proved to be more sensitive to the selective procedures than the organisms in the retained water samples (Table 5) . Although background overgrowth of water samples on BCYE precluded the accurate determination of the effects of antibiotics and pretreatments alone, it was possible to determine the effects of antibiotics on recovery of organisms from heat-or acidtreated samples. Natural water cultures were significantly more resistant to the combination of acid treatment and antibiotic-supplemented BCYE than were the correspondingly treated BCYE-passaged cultures. Water cultures were also more resistant to the combination of heat treatment and antibiotics than BCYE-passaged cultures, but differences were significant in only one case.
Clones subcultured from BCYE streak plates of a water sample showed altered responses to the selective procedures after a single transfer on BCYE. Cell suspensions prepared from the first transfer on a BCYE slant that had been incubated for 24 h showed significantly greater sensitivity to acid. However, after 9 days of incubation, fresh cell suspensions made from the same slant were as resistant as the water culture (Table 6) . Sensitivity increased to its original level when a subculture from the 9-day-old slant was incubated for 24 h. In contrast, the culture increased in sensitivity to antibiotics after the 9-day period, but regained resistance in a 24-h-old subculture. The same trends occurred when the incubation of the first transfer was shortened to 3 days.
DISCUSSION
The relative number of Legionella colonies appearing on our plates varied with isolation method and sample source. Although Dennis et al. (4) found that the effectiveness of recovery methods incorporating heat or acid pretreatment and selective media ranked in the same order regardless of sample source, there were quantitative differences. Differences in the relative responses of natural water samples to heat treatment (4) and acid treatment (3, 4) or to selective media (3, 4, 6, 8) 165, 1984) . Similarly, we observed differences between several laboratory cultures and "natural" cultures in sensitivities to heat, acid, and antibiotics. L. pneumophila has been taken directly from a potable water environment and cultured in tap water (10) and used successfully to test chlorine efficacy (9) . Similar cultures could be used for the 
